Abstract
Introduction
The prevalence of obesity in Portugal [1] and worldwide [2] has risen to "pandemic" proportions. Obesity is independently related to type 2 diabetes [3] , coronary heart disease, cerebrovascular disease and increased all-cause mortality as well as mortality after cardiovascular events [4, 5] . Despite the established contribution of overall and abdominal obesity to the cardiometabolic risk, visceral adipose tissue (VAT) may have a stronger impact than total body fat (TBF) on insulin resistance, beta cell dysfunction and atherosclerosis [6] .
TBF can be estimated by weight (Wt), and other adiposity indicators that are often indexed to height (Ht) and include body mass index (BMI) and body adiposity index (BAI) [7] . Despite its good correlation with TBF, BMI is only moderately correlated with VAT [8] .
To assess the distribution of adiposity, other indicators are available and calculated from anthropometric parameters [9] , such as waist circumference (WC), hip circumference (HC) and several ratios, including waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR). When compared to BMI, WC and WHtR in both sexes and WHR in men presented stronger associations with VAT [10] .
The superiority of measures of abdominal obesity (AO), namely WC and WHtR, over BMI for predicting cardiovascular disease (CVD) [11] and diabetes risk [3] has been increasingly documented, and a recent meta-analysis [12] even suggested that WHtR was modestly superior to WC for CVD risk assessment.
The contribution of obesity to CVD and diabetes risk justifies the inclusion of an adiposity measure, usually WC, in the most frequently used definitions of metabolic syndrome (MetS) [13] . MetS includes a group of interconnected clinical and metabolic factors that increases the risk of developing CVD in 5 to 10 years [14] and confers a 3-to 5-fold increased risk of type 2 diabetes [15] . These factors include dysglycemia, increased blood pressure, elevated triglyceride levels, low high-density lipoprotein cholesterol (HDL-C) levels, and AO.
The two most frequently used gender-specific thresholds for WC in the European population resulted from a proposal of the National Institutes of Health [16] based on a study in Caucasian populations [17] ; this proposal established a BMI of !25 kg/m 2 or !30 kg/m 2 to correspond to WC cut-points of 80 or 88 cm for women and of 94 or 102 cm for men, respectively. However, an increasing number of published papers have documented a variation in the optimal cut-off values for WC in different populations [18, 19] . Therefore, the same methodology used to establish WC cut-off points may be applied to other adiposity measures.
The primary objective of the present study was to assess which adiposity measure performs the best in identifying MetS in a sample of Portuguese adults. The secondary objective was to estimate the cut-off values for these adiposity measures in the same sample.
Participants and methods
PORMETS is a cross-sectional study comprising a representative sample of adults registered at primary health care centers in mainland Portugal [20] . A cluster sample, representative of the Portuguese population, was obtained after stratification by selected districts and urban/rural areas. A total of 4,105 participants, aged 18 years and older, were evaluated, and the information was collected from February 2007 to July 2009. Ten women were excluded from the data analysis because they were pregnant at the time of the interview, resulting in 4,095 participants. After excluding participants with missing information on MetS, Ht, Wt, WC, and HC, the remaining 3,956 participants (2,287 women and 1,669 men) were included in the final data analysis (Fig 1) A structured questionnaire was administered by trained nurses collecting information on personal medical history and socio-demographic and behavioral characteristics, such as smoking, intake of alcoholic beverages and engagement in physical exercise.
Participants were considered current smokers if they smoked daily or occasionally, former smokers if they had stopped smoking for at least 6 months, and non-smokers if they had never smoked. Regarding alcohol intake, participants were categorized as occasional drinkers if they had less than one drink per day, daily drinkers if they consumed at least one drink per day, former drinkers if they had stopped drinking for at least 6 months and non-drinkers if they had never consumed any type of alcoholic beverage.
Adiposity measurements were collected, namely Wt, WC and HC. Body Wt was measured to 0.1 kg using a digital scale, and Ht to the nearest centimeter using a wall stadiometer with participants in the standing position. WC was measured midway between the bottom of the rib cage and the iliac crest, and HC was measured as the maximum circumference of the buttocks. BMI was calculated as Wt in kilograms divided by the square of Ht in meters. [8] was calculated using the formula BAI = [(HC cm) / (Ht m) 1.5 )]-18. Blood pressure was measured on a single occasion, using a standard mercury sphygmomanometer with the cuff on the right upper arm, after a 10-minute rest. Two blood pressure readings were obtained, and the mean of the two readings was registered. When the difference between the two measurements was larger than 5 mm Hg for systolic or diastolic blood pressure, a third measurement was taken and the mean of the two closest values was used.
A fasting venous blood sample was collected by trained nurses in each health care center. All blood sampling analyses were performed centrally at the Department of Clinical Pathology, Centro Hospitalar São João, Porto, Portugal. Glucose, total cholesterol, HDL-C and triglycerides were determined using automatic standardized routine enzymatic methods. High sensitivity C-reactive protein (hs-CRP) levels were determined by particle-enhanced immunonephelometry. Insulin was measured using a 125 I-labelled insulin radioimmunoassay method, and insulin resistance was estimated by the homeostatic model assessment (HOMA-IR) as the product of fasting glucose (mmol/L) and insulin (μUI/mL) divided by a constant 22.5 [21] .
MetS was defined according to the Joint Interim Statement of the International Diabetes Federation Task Force on Epidemiology (JIS) recommended criteria [13] . MetS was considered present if at least three of the five following criteria were identified: fasting glucose ! 100 mg/dL (5.6 mmol/L) or antidiabetic treatment; blood pressure !130/85 mmHg or antihypertensive medication; triglycerides !150 mg/dL (1.7 mmol/L) or specific lipid-lowering therapy; HDL-C <50 mg/dL (1.29 mmol/L) in women and <40 mg/dL (1.03 mmol/L) in men or specific treatment for this lipid abnormality; and, using 2 cut-off points according to the European Cardiovascular Societies (European) or the International diabetes Federation (IDF) criteria (Europid), a WC greater than or equal to 102 or 94 cm in males and 88 or 80 cm in females, respectively.
Elevated cardiometabolic risk was considered present when two or more of the four JIS criteria were present, excluding the WC component [10, 22] .
Statistical analysis
The association between the adiposity measures and adverse health outcomes (dichotomous variable) was estimated by point-biserial correlation.
Receiver operating characteristic (ROC) curves were created to compare the ability of several adiposity measures (Wt, BMI, HC, WC, WHtR, WHR and BAI) to identify elevated cardiometabolic risk and to estimate the cut-off points that better identified adverse health outcomes. The area under the ROC curve (AUC) was calculated for each adiposity measure, and the cut-off points were estimated using the point that maximized the sensitivity plus specificity. The application of this method was supported by its preferential use, as demonstrated in previous studies [18, 19] . The 95% confidence intervals (95% CI) for cut-off points were estimated using percentile bootstrap confidence interval calculations, based on 200 bootstrap replicate.
Sensitivity, specificity, positive and negative predictive values, accuracy, and positive and negative likelihood ratios (LR) were calculated for each estimated cut-off point.
Continuous variables were described as the means and standard deviations (SD) or as the median and corresponding 25 th and 75 th percentiles for non-normally distributed variables. 
Results
This study comprised 3,956 individuals, of whom 2,287 were women (57.8%). The mean (±SD) age in this sample was 53.2 (±16.3) years; women were 52.6 (±16.3) years old on average, and men were 54.1 (±16.4) years old. In general, women had lower systolic and diastolic blood pressure (p<0.001), fasting glucose (p<0.001) and triglycerides (p<0.001) but higher HDL-C (p<0.001), insulin (p = 0.002) and hs-CRP (p<0.001) levels than men (Table 1) . For all anthropometric measures there were significant differences between genders ( Table 2 ). Women showed higher values than men for BMI (p = 0.003), HC (p<0.001), WHtR (p = 0.003) and BAI (p<0.001), but lower values of WC (p<0.001) and WHR (p<0.001).
The prevalence of elevated cardiometabolic risk was 52.8% (48.3% in women and 58.9% in men) and the prevalence of its components was 62.0%, 55.2%, 24.8% and 23.5% for blood pressure, triglycerides, fasting glucose and HDL-C, respectively. Overall, men presented a higher prevalence of all outcome components (p<0.001) with the exception of HDL-C. Table 3 shows the correlations (95% CI), the cut-off points (95% CI), the AUC (95% CI), the performance parameters and the MetS and adiposity component prevalence for all the evaluated adiposity measures. The ability of the adiposity measures to identify elevated cardiometabolic risk, based on the AUC are presented in Fig 2. WC and WHR showed a good sensitivity for both sexes (74.6% / 78.1% in women and 76.8% / 77.2% in men, respectively); additionally, WHtR and BAI performed well in women (75.9% and 74.5%, respectively). The specificity was low for all cut-off points, especially in women. The WHtR and BAI presented higher and lower positive and negative LR, respectively.
Overall, WC, WHtR, and BAI cut-off points showed a good performance in both sexes, in terms of sensitivity, specificity, predictive value, accuracy and LR.
Using the JIS criteria, and according to the cut-off points tested for all adiposity measures, the prevalence of MetS varied between 37.7% and 41.3% in women and between 44.0% and 49.6% in men. Considering the estimated WC cut-off points, MetS prevalence was 39.6% in women and 49.2% in men. The WC cut-off points determined for this Portuguese sample were closer to the European criteria in women and to the Europid criteria in men [13] .
The prevalence of AO using the estimated WC cut-off points (! 89.0 cm in women and ! 93.5 cm in men) was 56.9% in women and 62.7% in men.
Discussion
In this study, the correlations of WHtR, WC and BAI with elevated cardiometabolic risk were higher than those of other adiposity measures, namely, BMI. These results are supported by other published evidence, which showed that WC and WHtR performed better in detecting CVD and diabetes risk than BMI [3, 11, 12, 22] . In addition, the results are partially explained by the stronger association of those anthropometric measures with VAT [9, 10] . However, BAI performed quite well in our sample, which is not supported by other studies [10, 23, 24] . As expected, differences between genders were observed for the correlations between elevated cardiometabolic risk and the evaluated adiposity measures, as well as for the estimated cut-off points. These differences may be explained by the previously described gender variations in body fat distribution [25, 26] . Compared to women, men have greater total VAT volume and are more likely to accumulate adipose tissue in their upper body [27] , whereas women usually accumulate adipose tissue in the lower body. This fact may explain why men show higher VAT values than women for the same WC value [28] .
The WHR cut-off points showed a high sensitivity and low specificity in both sexes. However, WHR performed better in men than in women when considering the positive predictive value, accuracy and LR; these observations are supported by previously published studies [29] . The gender differences in body fat distribution could, at least in part, explain the differences in CVD and diabetes risk observed between men and women [30] .
According to our data, WHtR was the adiposity measure that best performed in the evaluation of the adiposity component for MetS. As WC is currently used as the adiposity component in the definition of MetS and as no significant differences were observed between this and other measures in our study, it is likely that no modification to the MetS definition need to be proposed. Regarding the good performance of WHtR, this measure may be useful in benchmarking studies of different populations as it allows for differences in Ht [31, 32] .
The estimated cut-off points for WC obtained in this study were 89.0 cm in women and 93.5 cm in men. These cut-off points are lower in men than the ones proposed by the National Institute of Health [16] . Therefore, these results suggest that, in the Portuguese population, the European cut-off points appear to be more appropriate to prevent over-diagnosis in women. According to the Europid cut-offs, the majority of women (81%) met the criteria for the WC component. However, men with a WC of 94.0 cm or more should be carefully assessed. Recently published results from Spanish studies [33, 34] showed similar cut-off points for WC (88.5 to 89.5 cm in women and 94.5 cm in men), with close WC mean values in men and discretely higher values in women. This similarity with our results may reflect a genetic and epigenetic proximity between the populations. A review, including sixty-one research papers [18] , found optimal cut-off values ranging from 65.5 to 101.2 cm for women and 72.5 to 103.0 cm for men; the cut-off points of the European and United States studies were not very different from ours (83 to 88 cm in women and 93 to 96 cm in men). Another review, including studies investigating ethnic-specific WC cut-off points among Aboriginal, Asian, African (SubSaharan), African-American, Hispanic, Middle Eastern, Pacific Islander and South American populations [19] , found lower cut-off point in the populations of Asian origin; the evidence was less robust for other ethnic groups.
When comparing the prevalences of MetS, according to the JIS definition, the estimated and proposed (European and Europid) WC cut-off points showed a closer prevalence between the figure estimated using the European cut-off points in women and the Europid cut-off points in men.
Furthermore, we found a higher prevalence of MetS in the Portuguese sample than in other South European countries [35] [36] [37] [38] and the USA [39] . In addition, the estimated prevalence of AO (based on WC) and overweight was slightly higher in this sample than in previous national studies [40] . Overall, our study was based on cross-sectional data. Prospective studies should be conducted to determine whether the estimated WC cut-off values are more appropriate than the European and Europid values and, moreover, to estimate the risk of CVD and diabetes in the Portuguese population.
Conclusions
According to our data, WC, WHtR and BAI are the adiposity measures that provided the best evaluation of the adiposity component for MetS in the Portuguese population.
As WC is currently used as the adiposity measure in the definition of MetS and as no relevant differences were observed between this measure and WHtR, it is likely that no modification to the MetS definition need to be proposed.
The new WC cut-off points proposed for the Portuguese population (89.0 cm in females and 93.5 cm in males) are very similar to the European cut-off points in women and the Europid values in men.
Use of the European cut-off points may be more appropriate in order to prevent over-diagnosis in women. 
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